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or usefulness of any information, apparatus, product or
process disclosed, or represents thai its use would not
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The Shielding Subcommittee of the Cross Section Evaluation
Working Group (CSEWG) was established in 1967 to help ensure
that the content of the ENDF/B cross section library was
adequate for treating shielding problems.

Early work of the subcommittee concentrated on devising
formats for gamma-ray interaction and production data, as well
as providing programs for testing the clerical and physics
consistency of the files. The Radiation Shielding Information
Center (RSIC) collaborated directly with evaiuators on be-
half of the National Neutron Cross Section Center (KNCSC)
to begin testing and adding data sets to be fed into the
ofiicial EUDF/B libraries. 'niese efforts, which were sponsored
by AEC-DRDT (now ERDA-DRDD), were augmented greatly through
the Defense Nuclear Agency program of establishing a working
cro^s section library in E!3DF format. The effort concentrated
on evaluation and testing of materials of interest to DN.'i
pjTG<.ji c u u o t i i iO !•• <_» v"j u l i i ^ j ch-^fit- . A.OA iii^_, i Uin i .Oi i j . n cu^.- ijni-JL-/ i>

library.

Shielding data testing efforts, as a part of the C'SEWG
Data Testing Program, aie now also an integral part of the
Shielding S'jibcoraraittee effort. Procedures for writing and
approving the shielding benchmarks were devised by Shielding
Subcommittee members. Data testing benchmark experiments
have been documented and analyzed, and the most recent re-
sults for ENDF/'J-iV are as reported as part of ENDF-230,
"Benchmark Testing of ENDK/B-1V."

*Research sponsored jointly by the Energy Research and
Development Administration, the Defense Nuclear Agency,
and the Nuclear Regulatory Corcnission, under contract
with Unio:i Carbide Corporation.
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Current and future activities of the subcommittee include
(1) providing sensitivity coefficients for selected shielding
experiments to aid ENDF/B-V ovalua*~ors, (2) documentation and
analysis of new benchmarks for fast reactor (shielding)
integral experiments, and (3) expanding formats and procedures
as indicated by the needs of the newer community of ENDF/B
users.

It is expected that much of the new activity of the
Shielding Subcommittee will be on ehalf of the controlled
thermonuclear research (CTR) n^-utronics community in the area
of new evaluations via the CTR Working Library and the document-
ation and analysis of new integral benchmarks for fusion
sources and materials.

HIST0R7 'AL BACKGROUND OF SHIELDING SUBCOMMITTEE ACTIVITIES

Formation of the Shielding Subconcnitt.ee

The first meeting cf the Cross Section Evaluation Working Group
(CSEWG) was held in June 19i"-6. The summary of that meeting states that
"One of the long range goals of the Reactor Physics Branch of the Division
of Reactor Development and Technology [of the United States Atomic Energy
Commission (AEC)] is the development of a set of basic nuclear data
rfhich can be used to accurately predict the behavior of neutrons in a
nuclear reactor."

The second CSEWG meeting, in November 1966, included a discussion
"to consider in what ways the initial accomplishments might be strength-
ened and what additional objectives should be attempted." A sub-
committee structure was adopted to pursue the subjects of Codes and For-
mats, Data Testing, Normalization, Resolved Resonance Region, and
cross sections for Shielding.

Initial Goals of the Shielding Subcommittee

The first version of the CSEWG reference data set, ENDF/B-I, was
issued in 1967. The Shielding Subcommittee, which had its first meetings
in 1967, was charged by CSEWG with several tasks, some of which were
enumerated in Ref. 1, as follows:

1. Recommend additional types of data to be added to ENDF/B
for shielding and specify the detailed formats for storing
such data. The formats should conform as nearly as possible
to the existinq KXa-'/H formats.

2. Examine data presently on the ENDF/B tape to determine its
ccr.pl r t-r I!(?SK fro:.i the point of view of shielding calculations.

3. Rrcorimpr.ri a Xir-t of priorities for data on material's of interest
i.o sh iv- lu.ji .s , i-O hv u v'*-O ii.-* i t.-Li niiJ Li.'«iî .a a Ltru Lo i-iit? EIvDF/B

form.-, t.



4. Recommend c'ata check •" and processing codes required for shield-
ing tiata to be plact '. . < * he ENDF/B tape.

5. Recommend calcu" . >.. r,. ^ experimental programs for testing
the shielding dat•,

The Subcommittee began work on the above tasks and also made
additional recommendations. Among these was the recormnendcition for a
suitably coordinated effort to meet the evaluated cross section needs of
both AEC and the Department of Defense (DoD), since DoD, through the
Defense AtomJ .• Support Agency (DASA) had extensive need for shielding
cross sections and had supported considerabi-. work in cross-section ac-
quisition and evaluation.

In addition, a two-way translation system from Aldermaston to ENDF
format was recommended. The .*"! <qi".:ir..".arton file2 represented an important
accumulation of data which wa., .vailaijie in a format used by much of
the European Community and some United States laboratories.

Through the next several years, the work of the Subcommittee bore
fruit and contributed much to the CSEWG effort. Its character solidi-
fied and working relationships with the other CSEWG Subcommittees
evolved.

EARLY ACCOMPLISHMENTS OF THE SHIELDING SUBCOMMITTEE

Formats for Shielding Data

A report issued in 1967 proposed extensions of the: ENDF format
specifications to include data of interest for shielding calcul.-tions
for reactor and other applications. Photon interaction and production
processes were the primary consideration. This' first attempt served
as a useful starting point and jirovided experience to Subcommittee
members. A revised set of formats and procedures was later adopted in
19713 and remain, with a few minor modifications, in effect to date.

Translation- to ENDF Format

Work also began on translating existing evaluated data files into
the neutron and photon cross section format, of the ENDF/B system.
Special purpose codes4 wure used in 19G9 to translate data sets5 in
extended UK format to data sets5 in the 1967 ENDF format1 for neutron
and gamma-ray-production. These were later translated into the revised
ENDF formats and served as useful reference sets for testing manipulation,
checking, and processing codes.

A general purpose code was written" and usrd in 1970 to translate
neutron cross sections in the then current version of th UKAEA library.
Evaluated photon i nt rrarti <:••:> cro.--,:-. sections-'"' \svre made available in
1970 ENDF format.



Development of Checking and Handling Codes

Computer codes to check the physical realism of photon production
data were written*2'13 and usGd to test data in the original format in
1970 and in the revised fornat in 1971. In the same year, a special code
for editing1'1 data was written and the ENDF format-checking code was ex-
tended to test photon production files. Extensions were also made
to plot photon production files.

Data Testing Jictivities

Tho first real progress on shielding data testing began in 1971
end since then several bsnchruirk candidates have been specified and
documented. These were given Shielding Pita Testing (SDT) designations
and analyses of these were first done with ENDP/B-I1I data.

CHARACTERISTICS OF THE SHIELDING SUBCOMMITTEE

Relationship to Other CSEWG Subcommittees

After a few years of participation in the CSEWG effort, the relation-
ship with other Subcommittees evolved into certain patterns. These were
enumerated in detail in the Minutes of the December 2, 1971 Subcommittee
meeting. In summary, the following relationships were stated.

1. The types of data needed for shielding applications and the
formats and procedures for rcprceer.ting these data will remain
under the aegis of the Shielding Subcommittee. Format changes
and procedures proposed by the shielding group still must be
submitted to the Codes and Formats Subcommittee for approval.

2. Phase I reviews of shielding evaluations will be performed
under the auspices of the Data Testing Subcommittee, although
many of the reviewers will be chosen from the shielding com-
munity.

3. Phase II Benchmark testing of shielding evaluations will be
unde' the direction of the Data Testing Subcommittee. This
program will b". closely coordinated with the work of the Shield-
ing Subcommittee, in particular, in the selection and speci-
fication of appropriate experiments to be used as benchmarks.
A member of the Shielding Subcommittee is designated to form
this coordination role and serves with joint membership
on both Subcommittees.

Scxyv of Shie 1:1 ing Subco~jr.it'-cc Activities

In defining the ncopo of the shielding subcommittee, the May 1972
CSK'.V, Mooting Suv.v. .iiy lveo-v.i i ;•.-. s '.:;•.il "1'he Shi elding Si:) ci".v i t < . -e i«
somewhat unique among the CSEWG ccrwijttees in that it is not only con-
cvMi'.d with i:::::-:"/Ii procedural r..itt •.•:.., but if alr-o interact.:; strongly
with data centers in addition to the National Neutron Cross Section Center
(MNCSC) (e.g., tlif> Radiation Shielding Information Center (RS1C) of
ua';. iviuviu riuLi'.in.jl Laboratory ui.d I''.*. r'..CLc;\•„:!;;.r ";ti C'r.tcr zf the
national Bureau of Standards) and with th-2 ?.;hieVi':ng community in general.



In this latter role, it is attempting to provide for the data needs in
several areas outside the? reactor technology community although reactor
shielding problems remain a central concern. Included are:

1. Fast reactor shielding problems,
2. Weapons radiation transport and shielding problems, and
3. Problems associated with heating and radiation damage due

to gamma rays and charged particles produced by incident
neutrons."

The Role of RSIC in Shielding Subcommittee Activities

As indicated in the preceding section,-the Shielding Subconimittee
has strong interaction wich RSIC since its inception and RSIC has ac-
tively cooperated with CSEWG efforts to produce an adequate reference
data file. It has been involved in the formatting, translation, and
testing, of ENDF/B data.

Clearinghouse for CSEWG Shielding Evaluation

Through the first four versions of ENDF/B, RSIC served as the
clearinghouse for CSEWG "shielding" evaluations. The Center's role in
this activity was to assist in the acquisition, checkout, and review of
shielding cross sections in ENDF format which may ultimat ly be placed
in the ENDF/B file. In this context, shieldirg cross sections are
evaluations performed in the shielding, radiation effects, or weapons
communities which are likely to have an emphasis on gamma-ray production
cross sections, gamma-ray interaction cross sections, and neutron
cross sections with detailed energy and angular distribution resolution
in the energy range of interest for shielding, m preparation for
release of a particular ENDF/B version, evaluations were received
by RSIC, processed through checking codes, modified to conform to ENDF
formats, and forwarded to NWCSC.

The Defense Nuclear Agency (DMA) Working Cross^ Section Library

The Defense Nuclear Agency (formerly DASA) established an evalu-
ated cross section library in 1971 and supported acquisition, evaluation,
and testing activities at various installations in the United States. The
goal was to produce evaluated cross-section data adequate for solving
the radiation transport problems encountered by DNA contractors.

The program concentrated on selected materials and the assigned
©valuator was free to initiate changes to his data whenever new .information
was available. For that reason, the DNA Vk i-king Cross Section Library16

is maintained at and distributed from RSIC. The library is in ENDF
format and current evaluations are made a part of the official EKD^/B
library whe:iewr the latter is updated, which occurs on a two-year
cycle, approximately.

Division of Magnetic Fusion Energy Evaluated Library

An evaluated data library activity, similar to the DNA Program de-
scribed above, has also been established by the Energy Reseatc-h c;riu De-
velopment Agency (ERDA), Division of Magnetic Fusion Energy (DMFE). The
DMFE library will a.iso be maintained at RSIC and will nerve as input to



new versions of TNDF/B. Evaluation efforts in support of the fusion area
are being funded i.ow by the ERDA Division of Physical Research.

PERFORMANCE OF THE SHIELDING SUBCOMMITTEE

Formats, Procedures, Checking, and Translation

As indicated earlier, many of the tasks originally enumerated
have been completed. Formats for photon production and interaction data
have been devised and checking codes written to handle them. The Shield-
ing Subcommittee continues to recommend format changes as needs arise.
The most recent examples deal with gas production data and activation
and decay files which were developed in cooperation with other CSEWG
Subcommittees. Version V of EMDF/B will have data in these formats.

The translation of evaluated data tc ENDF format has continued
with a version of the UKAEA0 library in 1973 and translations of the
Lawrence Livermore Library17 starting in 1973.

Addition of Shielding Evaluations to ENDF/B

Through the funding of evaluation work by ERDA/DKDD (formerly DRDT)
and the DNA Working Cross Section Library, substantial progress has
been made toward making the ENDF/B library suitable for many radiation
transport problems. The progress is tabulated in Table 1. Note that
RNDI'/B-IV has a substantial number of evaluations with photon production
data and that the photon interaction library includes form factors'8 as

Table 1. The Impact of Shielding Subcoinmittee Efforts on the
Contents of Past Versions of ENDF/B.

EHDF/B
Version

I (1968)
II (1970

III (1972)
IV (1974)

Number with
Y-Production

0
0

12
42

y-Interaction
Data

No
Cross Sections
Cross Sections
Cross Sections,
Form Factors

Coordinated Efforts on a National Reference Data Set

The Shielding Subeo'r-nit'-cc 5=orvod as the focal point whereby the
efforts of ERDA/DRDD and DNA could coordinate toward meeting the shield-
ing cross .section needs of both agencies.

Data Testing Activities

As was mentioned earlier, CSKKG Shielding Benchmarks were first
proposed in 1971. The current list of benchmarks is listed in Table 2.
Note that SPT6 and SDT7 have been replaced by SB^ and SB:!, respectively,



which contains descriptions of additional data. The "SB" designation
i.s the new identification to be given to CSEWG shielding benchmarks.
Some of those were used to analyze ENDF/B-III and provided input for
changes to ENDF/B-IV. A comparison of results of analyzing these experi-
ments with both ENDF/B-III and -IV data is given in Ref. 19.

In 1975, the Shielding Subcommittee proposed Formats for CSEWG
Shielding Benchmark Measurements and Calculations, paving the way for
the more consistent description of data testing benchmarks.

Table 2. Summary of the CSEWG Shielding Data Testing Benchmarks

Benchmark
Description

SDT1 thru SDT5

SDT6 (now SB2)

SDT7 (now SB3)

SDT8

SDT9

SDT10

SDTll

SDT12

Description

Broomstick Total Cross Section Tests for Fo, 0, K,
Na, and Stainless Steel (ORNL-3876 thru -3871)

Photon Spectra from Thermal Neutron Capture for
Various Materials (ORNL-3957, SB2 in ORNL-5203)

Photon Spectra from Fast Kautron Interactions for
Various Materials (ORNL-3974, SB3 in ORNL-5204)

ZPPR/FTR-2 Shield Experiment (LASL)

FFTF Radial Shield Mockup (AI-AEC-13048)

iLL Pulsed Spheres (UCID-16372)

ORNL Experiment for neutron Transport Through Fe and
Stainless Steel (ORNL-TM-4222)

OPNL Experiment for Neutron Transport Through Sodium
(ORML-TM-4223)

FUTURE DIRECTIONS FOR THE SHIELDING SUBCOMMITTEE

The Shielding Subcommittee will continue to cooperate with other
CSEWG Subcommittees. New areas of interest are like.iy to develop due to
the needs of the community performing fusion neutronics studies. Gas
production, activation and subsequent decay data, and other types of
data will become more prevalent, and these will require cooperation with
the new CSLV.'G Special Applications File Subcommittee.

In addition, the impact of uncertainty information on EIJD?/B files
and the importance of sensitivity studies will occupy the future
attention of the Subconrriitteo. Sensitivity coefficients for selected
experiments have been provided to aid in preparing KNDF/B-V evaluations.

The Subcommittee should puruse the data testing area more vigor-
Oi'Pl" and sho'.'l̂  oiirnnr.inp fiinriino a<ipnt<:. rnspavrh laboratories, and



private industry to pool resources to satisfy the data testing require-
ments for light water reactor shielding, fast reactor shielding,
fusion neutronics, and other disciplines.

The Subcommittee should also establish closer communication with
the shielding scientists throughout the world to foster the mutual
exchange of shielding cross-s-,ection data and benchmark technology.
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